INTRODUCTION {#sec1-1}
============

Common failure of the root canal obturation process is because of the presence of gaps and porosities at the sealer/dentin interface.\[[@ref1]\] Several studies have shown that filled root canals can allow the re-colonization of micro-organisms.\[[@ref2]\] The presence of micro-organisms and their products in the treated root canal can led to failure of the root canal treatment and the necessity of retreatment.

The analysis of the dentin/sealer interface allows the determination of which materials and filling techniques could obturate the root canals with less gaps and voids. Several microscopy techniques are currently used to evaluate the sealer/dentin interface, including stereomicroscopy, scanning electron microscopy (SEM), transmission electron microscopy, and confocal laser scanning microscopy (CLSM).\[[@ref3]\] In comparison to conventional SEM, CLSM has the advantage of providing detailed information about the presence and distribution of sealers or dental adhesives inside dentinal tubules in the total circumference of the root canal walls at relative low magnification as 100X through the use of fluorescent Rhodamine marked sealers.\[[@ref4][@ref5]\]

Placement and activation of a sealer into the root canal system should be done in a manner which is predictable and completely covers the dentin walls.\[[@ref6]\] Accepted means of sealer placement include the use of endodontic files or reamers, lentulo spirals, gutta-percha cones, ultrasonic files, and counter-clockwise motion of rotary systems.\[[@ref3]\] Very few studies have been done to evaluate the efficacy of different methods of sealer placement and activation effectively.\[[@ref3][@ref7][@ref8]\]

MTA Fillapex is a sealer that is composed of MTA and has excellent flow, radiopacity, easy handling, working time, and low solubility. Because of its suitable physicochemical properties and excellent biocompatibility and bioactivity, it has attracted considerable attention. Hence, this study was planned to evaluate percentage and the depth of dentinal tubule sealer penetration of MTA Fillapex when agitated with three different techniques and to compare it with AH Plus using CLSM as the evaluative tool.

MATERIALS AND METHODS {#sec1-2}
=====================

Specimen selection {#sec2-1}
------------------

Freshly extracted human permanent maxillary central incisors with mature apex were collected. Sixty teeth with single canal and free of cracks, caries, resorption, calcification, previous endodontic treatment, and less than 10-° root curvature were selected and stored in distilled water until use.

Shaping and cleaning of root canal system {#sec2-2}
-----------------------------------------

For standardization of the root length (10 mm), the crowns were resected with a diamond disc in a slow speed straight handpiece under constant water cooling. The working length was determined by inserting \# 15 K-file (Dentsply Maillefer) into the canal until it was just seen at the apical foramen and then 0.5 mm was subtracted from this length. The roots were instrumented by using the ProTaper Universal root canal files (Dentsply Maillefer) in a sequential manner from S1 till F5. Canals were irrigated between files with 2 mL of 3% NaOCl (Sree Rayalaseema Alkalies and Allies Chemicals limited, India). To eliminate the smear layer 2 mL of 17% ethylenediaminetetraacetic acid (EDTA) (pH 7.7) for 3 min was used, followed by a final rinse of 2 mL distilled water. Each root canal was dried with absorbent points. The roots were randomly divided into three groups on the basis of sealer activation technique utilized: G1: Ultrasonic (Woodpecker DTe-D5 Ultrasonic scaler, China); G2: Lentulo spiral (Dentsply, Maillefer); G3: Counter-clockwise motion (X smart, Densply, Maillefer, Ballaigues, Switzerland). Each group was further divided into two subgroups on the basis of type of sealer. Subgroup A utilized AH plus sealer while subgroup M utilized MTA Fillapex sealer.

Sealer preparation {#sec2-3}
------------------

AH plus sealer and MTA Fillapex sealer were mixed according to the manufacturer instructions and to allow analysis under the CLSM, each sealer was labelled with Rhodamine B (Mayor Diagnostics, Mumbai, India) to an approximate concentration of 0.1%(by weight).\[[@ref9]\]

A 1-mL tuberculin syringe was used to dispense 0.05 mL inside each canal. No additional sealer was used.

Group 1 (G1): The ultrasonic unit (Woodpecker DTe-D5 Ultrasonic scaler, China) was used in endo mode with a Satelec ultrasonic endodontic tip K15 Sonofile (Dentsply Tulsa) for activation. The file was inserted 2 mm short of the working length inside the canal and was ultrasonically activated for 20 seconds. Canal was obturated with ProTaper F5 gutta-percha cone. Gutta-percha was compacted 1 mm below the canal orifice and the teeth were sealed with Cavit (3M, ESPE). In G1~A~ AH plus sealer and in G1~M~, MTA Fillapex sealer was used.

Group 2 (G2): A size 30 lentulo spiral (Dentsply, Maillefer) was selected that would not bind in the prepared canal and that would reach the prepared working length. The lentulo spiral was rotated at speed of 300 rpm keeping the instrument 2 mm from apex for 20 seconds. Thereafter, the obturation of canal was conducted as described for G1. In G2~A~ AH plus sealer and in G2~M~, MTA Fillapex sealer was used.

Group 3 (G3): F1 ProTaper file attached in handpiece of endodontic micromotor (X-Smart, Dentsply Tulsa) was kept 2 mm short of apex and rotated at 300 rpm in reverse mode for 20 seconds. Thereafter, the obturation of canal was conducted as described for G1. In G3~A~ AH plus sealer and in G3~M~, MTA Fillapex sealer was used. The specimens were kept in an incubator at 37°C and 100% humidity for 2 days.

Confocal laser scanning {#sec2-4}
-----------------------

Each root was sectioned at 90-° to the long axis by using diamond disc removing two, 1 mm sections at 3 mm and 6 mm from the apex. Coronal surface of each section was polished with sand paper (Politriz, Arotec, Cotia, SP, Brazil). The dentin segments were examined on a confocal microscope (Olympus Fluoview FV 1000). The respective absorption and emission wave lengths for the Rhodomine B were 540 nm and 590 nm. Dentin samples were analyzed using the 10X lens. To calculate the percentage of sealer penetration around the root canal, first each image was imported into the IOB software and the circumference of root canal measured using its ruler tool. Next, areas along the canal walls in which the sealer penetrated into dentinal tubules were outlined and measured using the same method \[[Figure 1](#F1){ref-type="fig"}\]. Subsequently, the percentage of root canal sealer penetration in that section was established. To determine the maximum depth of penetration, the point of deepest penetration was measured from the canal wall to the maximum depth of penetration \[[Figure 2](#F2){ref-type="fig"}\]. The effects of sealer agitation techniques and type of sealer on depth and percentage of sealer penetration were analyzed, by performing nonparametric Kruskal-Wallis for overall analysis, and a series of Mann-Whitney U tests for pairwise comparison using statistical package of social sciences (SPSS) statistics 20 software.

![Confocal laser scanning microscopic photograph showing calculation of percentage of penetration of sealer in the dentinal tubules (original magnification 10×)](JCD-18-119-g001){#F1}

![Confocal laser scanning microscopic photograph showing calculation of depth of penetration of sealer in the dentinal tubules (original magnification 10×)](JCD-18-119-g002){#F2}

RESULTS {#sec1-3}
=======

The percentage and depth of sealer penetration of different groups and intergroup comparison are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively.

###### 

Shows mean and standard deviation of depth and percentage of sealer penetration of various groups at 3 and 6 mm levels

![](JCD-18-119-g003)

###### 

Intergroup comparison of depth and percentage of sealer penetration at 6 and 3 mm levels

![](JCD-18-119-g004)

Mean percentage and depth of sealer penetration of MTA Fillapex and AH Plus sealer was greatest when ultrasonics was used for agitation and statistically significant (*P* \< 0.001) than lentulo spiral and counter-clockwise agitation techniques. The difference between the two latter was statistically insignificant (*P* \> 0.05). Irrespective of method used for agitation, the percentage and depth of sealer penetration for MTA Fillapex was significantly greater (*P* \< 0.001) than AH plus. The percentage and depth of sealer penetration for MTA Fillapex and AH Plus were greater and highly significant (*P* \< 0.001) at 6 mm than 3 mm.

DISCUSSION {#sec1-4}
==========

Removal of smear layer and use of sealer to attain and impervious seal between the core material and root canal walls is considered an essential step of root canal treatment.\[[@ref10][@ref11]\] Sealers which can penetrate into the dentinal tubules exert bactericidal effect by having a closer contact with the residual bacteria within the tubules. In addition, sealer plugs inside the dentinal tubules provide a mechanical interlocking, thereby improving the retention of the filling material and reducing the microleakage along the root canal walls. Thus, both percentage and depth of sealer penetration might influence the outcome or success rate of endodontic therapy.

Factors influencing sealer depth penetration in dentinal tubules are presence/absence of dentinal permeability (the number and the diameter of tubules), root canal dimension, presence of water, and physical and chemical properties of the sealer.\[[@ref12][@ref13]\] The compound effect of physical properties viz flow, surface tension, solubility, viscosity, chemical composition, and working and setting time may influence penetration.\[[@ref14]\] Flow which is defined as the ability of a sealer to penetrate in irregularities, lateral canals, or dentinal tubules of the root canal system\[[@ref15]\] is one of the main physical factors to influence the tubular penetration. As most endodontic sealers are pseudoplastic, their flow increases with increase of shear rate. On comparison with conventional sealers Patel DV *et al*.,\[[@ref16]\] and Gharib SR *et al*.,\[[@ref17]\] found better depth of penetration of resin-based sealer in dentinal tubules. MTA Fillapex has excellent biocompatibility and bioactivity and displayed significantly higher pH up to 7 days period than AH Plus.\[[@ref18]\]

Studies\[[@ref18][@ref19]\] based on the physical properties reported significantly greater flow of MTA Fillapex than AH plus. Therefore, this comparative study was conducted to evaluate and compare the quality of sealing of AH Plus and MTA Fillapex.

Clinically, rapid insertion or activation of a pseudoplastic sealer into the canal would decrease viscosity and increase the flow of sealer. As very few studies\[[@ref3][@ref7][@ref8]\] have been conducted on the effect of sealer activation/placement and activation on sealing ability of root canal sealers therefore in the present study three activation techniques (ultrasonics, lentulo spiral, and rotary counter-clockwise motion) were chosen and the sealer distribution was analyzed. Amount of sealer, extent of activating instrument, and time for activation were standardized to minimize the errors.

All the analyzed activation techniques failed to show a consistent adaptation of both the sealers to the total circumference of the root canal walls. However, MTA Fillapex showed significantly better (*P* \< 0.001) percentage and depth of sealer penetration than AH Plus with all the techniques of sealer activation. Kuc, IA *et al*.,\[[@ref20]\] also reported greater MTA Fillapex sealer penetration than AH plus. This could be because of better flow of MTA Fillapex. Zhou H *et al*.,\[[@ref19]\] and Silva EJ *et al*.,\[[@ref18]\] found MTA Fillapex significantly more flowable than AH Plus and attributed difference in composition and smaller particle size of the sealer for this property.

Application of ultrasonics for activation led to significantly more (*P* \< 0.001) percentage and depth of both the sealers and is accordance to Guimaraes BM *et al*.,\[[@ref8]\] The explanation for this is that the oscillating files in ultrasonics transmits the acoustic microstreaming energy and cause a greater depth of dentinal sealer penetration and coverage of root canal walls in the same manner as it promotes the penetration of irrigants in an area of anatomic complexities and the dentinal tubules.\[[@ref21]\] Although activation of both the sealers with lentulo spiral resulted in more percentage and depth of penetration as compare to counter-clockwise rotation however, the difference was statistically insignificant (*P* \> 0.05). This is one of the pioneer studies evaluating effect of methods of activation on MTA Fillapex so it was difficult to compare the results obtained with previous studies. Lentulo spiral rotates and the spring portion pushes the sealer centrifugally while in counter-clockwise rotation with a file, the sealer tends to pool toward the tip of file but is not forced toward the walls.

Irrespective of technique of activation and type of sealer, the depth, and percentage of penetration of sealer was significantly better at the 6 mm level than 3 mm level. These findings are similar to other studies\[[@ref3][@ref8][@ref22]\] and could be because the number and diameter of dentinal tubules decreases on descending apically in the root canal and superior removal of smear layer. In addition, the apical dentin is irregular in direction and density; even some areas are devoid of dentinal tubules.\[[@ref23]\]

CONCLUSION {#sec1-5}
==========

Under the parameters of present study, it can be concluded that MTA Fillapex sealer exhibited better percentage and depth of penetration in the radicular dentinal tubules than AH Plus. Ultrasonic activation of pseudoplastic sealers can significantly increase its percentage and depth of penetration and level of root canal can affect both, percentage, and depth of penetration of sealers in the dentinal tubules.
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